Although there is strong evidence for the internal validity of the testing process and the correlation of certification with other measures of physician quality such as program director's ratings, the findings of studies examining the association of certification with patient outcomes have been mixed.
T he American Board of Internal Medicine (ABIM) was founded nearly 80 years ago in an effort to establish uniform standards for internists. 1 ABIM certification indicates "that internists have demonstrated-to their peers and to the public-that they have the clinical judgment, skills and attitudes essential for the delivery of excellent patient care.
"1 Over time, ABIM certification has evolved to include both recertification and, more recently, maintenance of certification requirements. 2, 3 Certification status plays a central role in the credentialing processes of many hospitals, 4 may influence patients' choice of a physician, 5 and could be used to inform payment policies.
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effort to standardize a rapidly expanding field. 14, 15 Since then, there has been wide acceptance of the importance of ICARD certification. The current clinical competence statement for percutaneous coronary intervention (PCI) from the American College of Cardiology Foundation, the American Heart Association, and the Society for Cardiovascular Angiography and Interventions strongly recommends that physicians performing PCI hold active ICARD ABIM certification. 16 Nevertheless, although ICARD certification has been in place for 16 years, the association between ICARD certification and the outcomes of patients undergoing PCI has not been evaluated. Critically assessing the certification process is essential because physicians have challenged the certification process in both the lay and research press, citing time and financial pressures and a perceived lack of value of the process. [17] [18] [19] To address this gap in knowledge, we linked data on physician certification in ICARD from the ABIM database with patient outcomes data from the National Cardiovascular Data Registry's (NCDR) CathPCI Registry. Specifically, we examined the association of ABIM physician certification in ICARD with patterns of care and outcomes of patients undergoing PCI. It is important to emphasize, however, that this study addresses certification status of the performing physician at the time of the procedure, not maintenance of certification or recertification.
Methods

Data Sources
The CathPCI Registry was established as a mechanism to promote quality-improvement efforts at hospitals performing diagnostic and interventional cardiac procedures. 20 Hospitals voluntarily submit data to the registry using standardized definitions for patient demographics, medical history, risk factors, hospital presentation, initial cardiac status, procedural details, unique operator identification, medications, laboratory values, and in-hospital outcomes of the PCI procedure. Data are entered by hospital personnel, and the data are included in the analytic file only if the hospital achieves >95% completeness of specified data elements. Currently, >1400 sites submit data to the CathPCI Registry, which account for ~85% of catheterization laboratories performing PCI nationwide. 21, 22 Previous data-quality reviews have supported the accuracy of the data submitted to the CathPCI Registry. 23 The ABIM database contains data on all physicians certified in internal medicine (IM) and each of its subspecialties. The information includes demographic data, training dates, and certification status for IM, cardiovascular disease (CVD), and ICARD.
Patient Population
A flowchart of patient and physician selection is shown in Figure 1 . All patients who underwent a PCI procedure reported to the CathPCI Registry performed between January 1, 2010, and December 31, 2010, were eligible to be included in the analysis, which included 641 178 PCIs. We excluded PCIs that could not be linked to a physician and patients who were <18 years of age at the time of the procedure. We considered only the first PCI performed during a hospitalization. After these exclusions were applied, a total of 510 708 PCIs were linked to 5175 associated physicians.
Physician Population
All physicians who performed at least 10 PCI procedures in 2010 as captured in the CathPCI Registry were eligible to be included in the analysis. We identified physicians in the CathPCI Registry using their National Provider Identifier (NPI) number. NPI numbers are voluntarily submitted by participating hospitals. There were 6314 physicians with an NPI number recorded who performed a PCI in 2010. However, physicians were listed in the ABIM database with both their NPI number and their unique physician identification number. Accordingly, we used an NPI number/unique physician identification numbers crosswalk supplemented by manual searches to identify all physicians within the ABIM database. We excluded physicians who could not be linked to the ABIM data, had missing certification information in the ABIM database, or performed <10 PCIs in 2010. The final analysis included 5175 physicians.
Physician Certification
For the primary analysis, physicians were divided into 2 groups, certified and not certified, on the basis of their ABIM ICARD certification status on January 1, 2010. In secondary analyses, we further stratified physicians by the year that they completed their CVD fellowship training. We used CVD fellowship as a marker across physician groups because it is a prerequisite for ICARD training. Those physicians who performed PCIs before the formalization of ICARD training will not have interventional fellowship training dates recorded but will have CVD fellowship training dates available. Physicians who performed PCIs before the formation of accredited fellowship training programs were eligible for ICARD certification with the use of the ABIM's "practice pathway," which required certification in CVD and either a total of 500 lifetime PCIs or 150 PCIs in the previous 2 years. The first group included physicians who held ICARD certification in 2010 and had finished CVD fellowship before 1999 (the first year of the ABIM ICARD certification; n=2200); the second group included physicians who held ICARD certification in 2010 and finished CVD fellowship in 1999 or later (n=1466); the third group included physicians who had never held ICARD certification and who finished CVD fellowship before 1999 (n=1044); the fourth group included physicians who never held ICARD certification and who finished CVD fellowship in 1999 or later (n=149); and the fifth group included physicians who had previously held ICARD certification but whose certification had lapsed (n=316).
Outcomes
The CathPCI Registry captures information about complications occurring during or after the PCI procedure until hospital discharge. 22 Our 2 prespecified primary end points were all-cause in-hospital mortality and bleeding complications. Bleeding complications consisted of suspected or confirmed bleeding events within 72 hours of the PCI associated with any of the following: a hemoglobin drop of ≥3 g/dL, transfusion of red blood cells, or an intervention at the bleeding site to reverse or stop the bleeding. Prespecified secondary end points included need for emergency coronary artery bypass grafting (CABG), vascular complications requiring therapy (any access-site occlusion, peripheral embolization, dissection, pseudoaneurysm, or arteriovenous fistula requiring intervention), and a composite end point of any outcome (death, bleeding, vascular complications, and emergency revascularization). These outcomes represent clinically significant, well-defined outcomes that have frequently been used in analyses of the CathPCI Registry.
Discharge Medications
To examine the association of ICARD certification with processes of care, we compared patterns of discharge medications: aspirin, statin therapy, and thienopyridines. We excluded patients with a contraindication to the medication. Furthermore, we excluded patients who did not undergo stent implantation from our assessment of thienopyridines.
Appropriate Use Criteria
In a secondary analysis, we examined differences in PCI procedural appropriateness as characterized by the 2012 appropriate use criteria for coronary revascularization. 23 Procedures were characterized as appropriate, of uncertain appropriateness, inappropriate, or unmappable. 24, 25 Because previous analyses have shown that almost all acute PCIs were classified as appropriate, 26 we excluded patients undergoing PCI in the setting of an acute coronary syndrome from appropriate use criteria analysis.
We summarized physician and patient characteristics, including physician demographics, certification attributes, and baseline patient characteristics. To assess the relationship between certification status and outcomes, we used methods appropriate for clustered data. 27, 28 We used χ 2 tests, adjusted for clustering by physician, to compare patient characteristics and outcomes across physician groups. 28 Then, to account for physician and patient characteristics, we estimated for each outcome a hierarchical generalized linear model with a logistic link function and a random intercept across physicians. 28 Each model was adjusted for physician PCI volume, years since the initial certification in cardiovascular medicine (as a proxy for years of experience), the PCI volume of the hospital where the physician performed most of his or her PCIs, and patient characteristics. Physician and hospital PCI volumes were calculated from procedures performed in 2010. Physician volume was included as a dichotomous variable in the model (<50 procedures, ≥50 procedures). To account for the fact that some physicians perform procedures at >1 hospital, we performed automated and manual abstraction of CathPCI data to identify operators who performed cases at >1 hospital submitting data to the CathPCI Registry. We included the hospital at which the provider performed the majority of his or her procedures. We also included in each model patient risk factors previously shown to be significantly associated with our outcomes of interest (including death, bleeding, emergency CABG, and vascular complications). For each model, we reported the odds ratio and 95% confidence interval for the effect of certification status (or, for the secondary outcomes, certification group) on the outcome. To improve the interpretation of multilevel model results, we used recycled predictions to express effects as absolute differences in outcome rates; this method uses the model results to predict the outcome for all patients as if they were in each exposure group and summarizes the differences. 29 In a secondary analysis, we included pairwise interaction terms between physician annual volume, hospital volume category, and ICARD status in the model. All analyses were performed with Stata 13.1 (StataCorp, College Station, TX; 2013). Analyses were approved by the Yale University School of Medicine's Human Investigation Committee.
Results
Among the 6314 eligible physicians, 717 were excluded because they performed <10 PCIs in 2010, 4 were excluded because they were enrolled in a fellowship program in 2010, 3 were excluded who received ICARD certification after 2010, and 415 had missing certification information. The remaining 5175 interventional cardiologists performed a total of 510 708 PCI procedures between January 1, 2010, and December 31, 2010. The characteristics of the patients are summarized in Table 1 on the basis of the certification status of the performing physician. Overall, patient characteristics were similar across the certification status groups. Of note, the ICARD-certified group had a slightly higher proportion of patients with heart failure (11.8% versus 11.1%), ST-segment-elevation myocardial infarction (16.3% versus 15.5%), and acute coronary syndrome (70.2% versus 68.0%). The non-ICARD-certified group had a higher proportion of patients with previous PCI (41.7% versus 40.3%) and patients undergoing elective PCI (48.9% versus 44.2%). Physician characteristics are shown in Table 2 . Only 161 (3.2%) were female, and the mean age was 49.9 years. The mean age of noncertified physicians was 54.8 years compared with 48.0 in the certified group (P<0.001). A total of 3666 (70.8%) held ICARD certification on January 1, 2010. ICARD-certified physicians performed the majority of procedures (399 153 procedures, 78.2%). Among patients for whom information about practice type was available, a higher percentage of ICARD-certified physicians practiced in an academic setting (7.8% versus 0.9%). On average, ICARDcertified physicians performed more PCIs in 2010 than non-ICARD-certified physicians (111.8 versus 75.8 PCIs), and a higher proportion performed at least 50 PCIs (77.6% versus 55.6%; P<0.001).
The proportions of patients discharged on aspirin, thienopyridines, and statins after the PCI procedure are also shown in Table 1 . There were relatively small but statistically significant differences such that patients treated by certified physicians were more likely to be discharged on each medication. The proportions of appropriate procedures by certification status In the secondary analysis that stratified physicians on the basis of when they finished CVD training, Table 2 shows that 20.2% of physicians had never been ICARD certified and finished CVD fellowship before 1999. These physicians performed 14.2% (72 566 procedures) of all PCIs included in the analysis. A smaller proportion of PCIs (11 849 procedures, 2.3%) were performed by the 148 physicians (2.9%) who had never been ICARD certified and had finished CVD fellowship in 1999 or later. Only 309 physicians (6.1%) had a lapsed certification during 2010, and these physicians performed 27 140 procedures (5.3% of the total number of procedures included in the analysis). There were modest differences in patient characteristics and discharge medications across these 5 physician categories.
Outcomes
Overall, the crude outcomes of patients treated by ICARDcertified physicians were almost identical to those of patients treated by non-ICARD-certified physicians (Table 3) . However, in multivariable analyses, the risks of both mortality and emergency CABG were statistically significantly higher for patients treated by non-ICARD board-certified physicians ( Table 4) . As estimated by recycled predictions, this corresponded to absolute increases in mortality and emergency CABG of 0.08% and 0.03%, respectively. In contrast, there were no significant differences in the adjusted risks of bleeding and vascular complications and the composite end point of any adverse outcome. In a secondary analysis including interaction terms between physician annual volume category, hospital volume category, and ICARD status, only emergency CABG remained statistically significant.
Findings were similar when we classified physicians into the 5 categories (Table 3) . In multivariable analyses, the risk of death was significantly higher in patients treated by non-ICARD-certified physicians who finished CVD fellowship before 1999, and the risk of emergency CABG was significantly higher for patients treated by both non-ICARD-certified groups (Table 4) . Again, there were no significant differences in the adjusted risks of bleeding and vascular complications and the composite end point of any adverse outcome.
Discussion
In the United States in 2010, interventional cardiologists who did not hold ICARD certification performed a substantial proportion of PCI procedures. This included both physicians who had never been ICARD certified and those who had allowed their certification to lapse. We found that the care and outcomes of patients undergoing PCI procedures were generally similar regardless of the ICARD certification status of the performing physician. After adjustment for patient characteristics and PCI volume, the risks of mortality and emergency CABG were statistically higher among non-ICARD-certified physicians compared with ICARD-certified physicians. However, the overall event rates were low, and the clinical significance of these differences may be modest. The requirements for obtaining certification in ICARD are rigorous. Given this rigor, it is notable that the majority of practicing interventional cardiologists have obtained ABIM ICARD certification. This is particularly striking among physicians who completed their CVD training after ICARD certification was introduced in 1999. In this group, certification has become the norm, and only 2.9% were not certified in 2010. The reasons why physicians choose to become certified are probably multifactorial, but surveys of physicians suggest that both professional pride and hospital credentialing policies play major roles. 30 As noted, ABIM certification has been symbolic of professionalism in medicine and has been seen as indicative of a commitment to excellence and continued learning on the part of the physician.
In the present study, we did not observe a consistent association between ICARD certification and patient outcomes. Although patients treated by non-ICARD-certified physicians were at statistically significantly higher risk of both mortality and emergency CABG, we did not see a similar association for the clinical end points of bleeding and vascular complications and a composite of any adverse outcome. Furthermore, the clinical significance of the mortality and CABG findings is subject to interpretation. The adjusted absolute increase in mortality was 0.08%, which corresponds to 1 additional death for every 1250 patients. Similarly, there was 1 additional emergency bypass surgery for every 3333 patients treated by noncertified physicians compared with certified physicians. Finally, a smaller proportion of nonacute PCI procedures performed by non-ICARD-certified physicians were classified as inappropriate compared with procedures performed by ICARD-certified physicians. Collectively, our findings suggest that ICARD certification status alone is not a strong predictor of quality of care and in-hospital outcomes. There are several potential explanations for this finding. First, PCI is a much safer and more reliable procedure today than in its early development. As previous studies have demonstrated, the introduction of coronary stents greatly improved procedural success and reduced the need for emergency CABG. 31, 32 Similarly, increasing use of radial access and novel anticoagulant and antithrombotic strategies has likely reduced the risks of periprocedural bleeding and myocardial infarction. 33, 34 In addition, there is increasing recognition that the outcomes of patients undergoing PCI are less attributable to an individual provider and more reflective of the totality of care delivered by the team treating the patient both during and after the PCI procedure. 35 Collectively, these factors may have had the effect of leveling the playing field, making it possible for interventional cardiologists with different training, knowledge, and technical expertise to achieve comparable results.
Second, the group of non-ICARD-certified physicians is heterogeneous, consisting of physicians who did and did not complete an accredited fellowship in ICARD. In our analyses, we did not identify a significant interaction between physician training year and certification status, but we observed that the risks of mortality and emergency CABG were highest among physicians without ICARD certification who completed their CVD training after 1999. Further research is warranted to determine whether the differences between ICARD-certified and non-ICARD-certified physicians will become more apparent over time.
Third, despite the rigor of the ABIM certification requirements, it is possible that the qualities and abilities currently captured by the certification process may not be the same as those needed to discriminate between physicians who perform PCI. For example, the certification examination can be used to assess an individual's knowledge, but it cannot test many of the qualities that are associated with highly skilled proceduralists, including the ability to make good decisions under extreme stress, superior manual dexterity, and quickly recognizing and effectively treating procedural complications. One promising approach to better assess this skill set could be the use of simulators, which could be folded into fellowship training and perhaps incorporated into the certification process. 36 Alternatively, there may be a role for direct observation of procedural skills by interventionalists specifically trained in the observation and assessment of procedural skills. 37 Our findings must be interpreted in the context of several limitations. Our analysis examined only in-hospital outcomes, and it is possible that differences in the procedural quality may become evident only over longer periods of time or when other PCI-relevant outcomes, including quality of life, are considered. We considered only patients who had a PCI, and we could not assess whether certification status was associated with differences in the overall management of patients with acute and stable coronary artery disease. Nevertheless, the characteristics and measures of procedural appropriateness were similar across the 2 groups. The clinical end points that we examined are relatively infrequent in occurrence and therefore may have made it difficult to find variation across operators. In addition, our study reflects the outcomes of patients undergoing PCI in 2010, and it is possible that the underlying associations between ICARD certification status and outcomes may be different in more recent data. However, studies using more recent CathPCI data show similar rates of complications. 38 The ABIM identified 6172 physicians who held ICARD certification in 2010, but we were unable to identify certification status for 16.2% of these physicians (997) in the linked data set. This likely includes physicians who were practicing at non-NCDR hospitals and physicians whose NPI numbers were not available (because this was not a mandatory field on the NCDR data reporting sheet). Nevertheless, the case mixes of physicians who could and could not be matched were comparable, suggesting that our findings are generalizable. Our study was also limited to hospitals that participate in the NCDR CathPCI Registry. The primary goal of the NCDR is to drive quality improvement through measurement and feedback, and substantial research has demonstrated the power and importance of feedback for professional development. 39 It is possible that physician participation in NCDR-related activities may mitigate the association of certification with PCI outcomes. As noted, we assessed only ICARD certification at the time of the procedure; we did not evaluate whether participation or completion of the maintenance of certification program affects PCI outcomes. Finally, the development of 
Conclusions
We found that the outcomes of patients undergoing PCI were excellent and varied modestly, depending on the certification status of the performing physician. Our findings suggest that there is an opportunity to enhance the value of subspecialty certification.
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CLINICAL PERSPECTIvE
We examined whether the care and outcomes of percutaneous coronary intervention procedures performed by physicians certified in interventional cardiology by the American Board of Internal Medicine differed from those performed by noncertified physicians. To accomplish this, we linked data from the National Cardiovascular Disease Registry's CathPCI Registry with physician certification data from the American Board of Internal Medicine. The primary end points assessed were allcause in-hospital mortality and bleeding complications, and secondary end points included need for emergency coronary artery bypass grafting, vascular complications, and a composite end point of any adverse outcome. Our analysis included 510 708 percutaneous coronary intervention procedures performed by 5175 interventional cardiologists. We adjusted for baseline patient and physician characteristics, including years since certification in cardiovascular medicine (a proxy for experience) and annual physician volume. Overall, we did not observe a consistent association between initial certification and in-hospital outcomes of patients undergoing percutaneous coronary intervention. The adjusted risks of in-hospital mortality and emergency bypass surgery were significantly higher in the group of patients treated by noncertified physicians, but there were no significant differences in risk of other end points. The clinical significance of the bleeding and mortality differences was modest, corresponding to 1 additional death for every 1250 patients treated by noncertified physicians and 1 additional emergency bypass surgery for every 3333 patients treated. Given the significant time commitment and financial investment required for certification, our findings suggest the opportunity to enhance the value of subspecialty certification.
